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Endometrial hyperplasia is a noninvasive proliferation of the lining of the uterus that results in a spectrum of glandular alterations (1) (2) (3) . Endometrial hyperplasia is classified primarily as either simple or complex, based on the degree of architectural complexity as seen by glandular crowding (with back-to-back crowding in the case of complex hyperplasia), and with or without cytologic atypia-that is, nuclear irregularity, such as the loss of axial polarity; rounded, stratified nuclei; and prominent nucleoli (1, 2, 4) . Hyperplasia with atypia is the least common type of hyperplasia and also the type most strongly associated with progression to endometrial cancer (5, 6) . Typically, hyperplasia with atypia is treated by means of hysterectomy. In the United States, it is estimated that approximately one fourth of all women will have had a hysterectomy by age 60 years (7). Lepine et al. (7) estimated that approximately 15 percent of all hysterectomies performed in the United States (of a total of some 600,000 each year) are due to a diagnosis of endometrial hyperplasia or cancer.
It is believed that endometrial hyperplasia arises when estrogen, unopposed by progesterone, stimulates endometrial cell growth by binding to estrogen receptors in the nuclei of endometrial cells (8, 9) . Exposure of these estrogen-induced proliferating cells to progesterone prompts the shedding of endometrial tissue both by reducing the number of estrogen receptors and by increasing the rate of conversion of estradiol to estrone, a less potent estrogen, through an increase in the activity of estradiol dehydrogenase (10, 11) . Supporting this theory are the results of the randomized Postmenopausal Estrogen/Progestin Interventions (PEPI) Trial, where women assigned to receive estrogen-only hormone therapy were more likely to develop simple, complex, or atypical hyperplasia than women given a placebo (27.7 percent vs. 0.8 percent, 22.7 percent vs. 0.8 percent, and 11.8 percent vs. 0 percent, respectively) (12) .
Factors related to an excess of circulating estrogen relative to circulating progesterone-such as obesity, late age at menopause, and nulliparity-have repeatedly been found to be predictors of endometrial carcinoma. Because endometrial hyperplasia often is an antecedent of cancer, these risk factors plausibly are related to endometrial hyperplasia as well. However, to our knowledge, only five studies have directly examined risk factors for endometrial hyperplasia other than hormone use (13) (14) (15) (16) (17) . Of these five, only two addressed risk factors for the development of complex hyperplasia or hyperplasia with atypia (13, 17) . Two of the three other studies included only women with abnormal menstrual bleeding as cases as well as controls (15, 16) , resulting in a limited case definition (since asymptomatic cases were excluded) and an attenuation of any associations with factors related to both abnormal bleeding and hyperplasia. In the remaining study, investigators did not distinguish among hyperplasia types in the case group (14) , and as a result the study may have included many women with simple hyperplasia, the most common type of endometrial hyperplasia and the type most likely to spontaneously regress (4, 12, 18, 19) .
In fact, simple hyperplasia often spontaneously regresses; rarely does it progress to endometrial cancer (4, 19, 20) . Complex hyperplasia and hyperplasia with atypia are more likely to progress to cancer and so are commonly treated with progestin or hysterectomy (4, 19, 20) . In the present study, we sought to test the hypothesis that characteristics and exposures that influence the balance of endogenous estrogen and progesterone bear on the incidence of complex endometrial hyperplasia and endometrial hyperplasia with atypia.
MATERIALS AND METHODS

Study population
The setting for this study was Group Health, a Washington State mixed-model integrated health plan with over 500,000 enrollees. Potential cases included all female members of Group Health in Seattle/Puget Sound, Washington, over age 18 years, identified through text searches of the pathology database for diagnoses of complex endometrial hyperplasia or endometrial hyperplasia with atypia made between January 1, 1985, and December 31, 2003. All words related to the diagnoses of ''complex endometrial hyperplasia'' and ''hyperplasia with atypia'' (complex, adenomatous, atypia) were included in the text search. Any cases with a possible diagnosis were also included (e.g., ''possible complex'' or ''atypia, cannot rule out well-differentiated endometrial carcinoma''). Cases were excluded if they had a previous diagnosis of endometrial cancer or had had a hysterectomy.
All pathology slides from the potential cases identified through Group Health pathology text searches were independently reviewed by two outside pathologists, utilizing standardized diagnostic criteria. When the two pathologists disagreed (22.2 percent of the time), the slides were read by a third pathologist. If the third pathologist disagreed with both of the initial diagnoses, the diagnosis was assigned by the senior pathologist. Of the 1,784 women diagnosed with possible complex endometrial hyperplasia or hyperplasia with atypia by Group Health who were not excluded for the above reasons, 1,236 were excluded because the study pathology review did not confirm the diagnosis of complex endometrial hyperplasia or endometrial hyperplasia with atypia. Specifically, these samples were categorized as: simple or no hyperplasia (n ¼ 1,171); possible hyperplasia, but cannot assign diagnosis of complex or atypia (n ¼ 7); adenocarcinoma (n ¼ 34); and other-inadequate sample, nondiagnostic tissue, or no specimen available (n ¼ 24). Analysis and discussion of the reproducibility of the diagnosis of endometrial hyperplasia is available elsewhere (21) . Of the remaining 548 women with complex endometrial hyperplasia (n ¼ 332) or hyperplasia with atypia (n ¼ 216), 40 were excluded from this study because of missing medical charts, with a resulting 508 cases-311 complex and 197 atypia.
Controls were selected from the membership files of Group Health from 1985-2003. They were excluded for a previous diagnosis of endometrial hyperplasia as well as for the same reasons as the cases (a previous diagnosis of endometrial cancer or a previous hysterectomy). Controls were matched to cases by age at the reference date (AE1 year) on a one-to-one basis and were required to have been enrolled in Group Health at the time of the case's diagnosis of endometrial hyperplasia. To ensure that the controls actually used Group Health as their primary care institution, we sought to choose only women who had made a visit to a Group Health provider (i.e., seen a medical professional for any reason) at least once in the 3 years prior to the reference date.
The Group Health pharmacy database was used to identify use of unopposed estrogen prior to 1 month before the inception date of the abnormal bleeding that led to the diagnosis of hyperplasia (or, if abnormal bleeding was not documented, prior to the 4 months before the diagnosis of hyperplasia). Subjects who had used estrogen-only hormone therapy, the best-known and strongest predictor of endometrial hyperplasia (and not the focus of the present analysis), for 60 days or more in the 6 months prior to the date of first symptoms of hyperplasia were excluded from this analysis, along with their matched control or case. This led to a loss of 12 percent of subjects (39 complex cases, 21 atypia cases, and two controls, as well as their matched counterparts), resulting in 446 cases for this study-271 women with complex endometrial hyperplasia and 175 women with endometrial hyperplasia with atypia-and their matched controls, or a total of 892 women.
Of the 446 cases in this study, we had knowledge of the presence of symptoms prior to diagnosis for 421 women (94 percent) (374 had an indication of abnormal uterine bleeding prior to the biopsy, while the other 47 reported abnormal menses). Another 13 women (3 percent) had their diagnosis determined after hysterectomy, and for the remaining 12 women (3 percent) we did not have information on the indication for biopsy.
Data collection
Trained medical abstractors obtained data on the following variables of interest from the paper and electronic medical records of cases and controls: menstrual characteristics and age or year of menopause, parity (the number of times a woman gave birth at or after 20 weeks' gestation), race/ ethnicity, smoking status at the reference date, and medical history, including a diagnosis of diabetes mellitus or hypertension (the presence of elevated or high blood pressure that was treated with medication or lifestyle changes). If abnormal bleeding was noted on or prior to the reference date, abstractors recorded the date of the first medical visit for abnormal bleeding prior to the reference date and the number of months of abnormal bleeding prior to the reference date. For subjects who were missing information on abnormal bleeding (n ¼ 72), a date for inception of abnormal bleeding was assigned as 3 months prior to the reference date (the median duration of abnormal bleeding among the cases). Additionally, abstractors obtained data on height and weight, for calculation of body mass index (BMI; weight (kg)/height (m)
2 ) at the reference date, and also previous weight at least 1 year prior to the reference date. After 100 medical chart abstractions had been completed, a 5 percent random sample of charts was reabstracted to verify consistency.
We queried the Group Health enrollment database to determine dates of enrollment for each study subject, as well as zip code at the reference date (or the closest time thereto). We then used the study subjects' zip codes to find the median income in their geographic region, as determined by the 1990 US Census (Summary Tape File 3). Because of confidentiality laws, information on median income was not available for zip code areas where the population was deemed too small by the US Census Bureau.
Data analysis
In the initial analysis, we evaluated associations between complex endometrial hyperplasia and endometrial hyperplasia with atypia and the following potential risk factors: BMI at least 1 year prior to the reference date (for the 5 percent of study subjects for whom this weight was not available, weight recorded in the year before the reference date was used); parity; smoking; diabetes; and hypertension.
These potential risk factors, as well as race, zip code (as a proxy for socioeconomic factors), and years enrolled in Group Health (smoothed to remove gaps of 1-2 months), were included in a given analysis only when they were related both to the specific exposure under consideration and to the outcome of endometrial hyperplasia, without being in the causal pathway.
We used conditional logistic regression to test the association of the potential risk factors with complex hyperplasia and hyperplasia with atypia while accounting for the matching of cases and controls by age and enrollment status at the reference date. Analyses were performed first for all women and then stratified by age, as a proxy for menopausal status, since we did not feel confident about recorded age at menopause among women with abnormal bleeding patterns related to endometrial hyperplasia. Women were categorized as less than 52 years of age or 52 years of age or older (52 was the median age at menopause in the control group). Adjusted odds ratios and 95 percent confidence intervals were calculated for each parameter estimate. Tests for linear trends in the odds ratios (including the reference group) associated with obesity and parity were conducted using likelihood ratio tests with a chi-squared distribution (22) .
All analyses were performed with the STATA software package, version 8.0 (Stata Corporation, College Station, Texas).
RESULTS
Women with complex endometrial hyperplasia and hyperplasia with atypia were similar to their age-matched controls in terms of race, median income of residential zip code, and years enrolled in Group Health (table 1).
The incidence of endometrial hyperplasia rose with increasing BMI. The strongest associations were for women younger than age 52 years. Compared with women who were not overweight (BMI 24.9) and after adjustment for parity, among this younger group, overweight women (BMI 25-29.9) had a threefold increased risk of complex hyperplasia (95 percent confidence interval (CI): 1.2, 7.2) and a 2.3-fold increased risk of hyperplasia with atypia (95 percent CI: 0.7, 7.9) (table 2). Obese women (BMI 30-39.9) had a 4.6-fold increase in risk of complex hyperplasia (95 percent CI: 2.1, 10.3) and a 3.7-fold increase in risk of hyperplasia with atypia (95 percent CI: 1.0, 13.8). Morbidly obese women (BMI !40) had a 23-fold increase in risk of complex hyperplasia (95 percent CI: 6.6, 79.8) and a 13-fold increase in risk of hyperplasia with atypia (95 percent CI: 1.9, 86.9).
Adjusting for BMI, women who had given birth to a child had a lower risk of endometrial hyperplasia than nulliparous women (table 2). For both complex endometrial hyperplasia and endometrial hyperplasia with atypia, this reduced risk was most apparent in women under 52 years of age.
No association was found between smoking status and risk of complex endometrial hyperplasia. There was a suggestion of a decreased risk of endometrial hyperplasia with atypia among current smokers (table 2) .
No associations were found between the risk of complex endometrial hyperplasia and a diagnosis of diabetes or the * IQR, interquartile range. y Data were missing for two cases with complex hyperplasia and two controls among women under age 52 years, and for two cases with complex hyperplasia among women aged 52 years or more.
z Included Hispanic White, American Indian, Alaskan Native, Native Hawaiian, and Pacific Islander. § Data were missing for eight cases with complex hyperplasia and eight controls among women under age 52 years; nine cases with complex hyperplasia and six controls among women aged 52 years or more; two cases with hyperplasia with atypia and four controls among women under age 52 years; and two cases with hyperplasia with atypia and six controls among women aged 52 years or more. y Odds ratios for body mass index were adjusted for parity, and odds ratios for parity, diabetes, and hypertension were adjusted for body mass index. z Weight (kg)/height (m) 2 . § Data were missing for one case with complex hyperplasia and one control among women under age 52 years; two cases with hyperplasia with atypia and four controls among women under age 52 years; and one case with hyperplasia with atypia and one control among women under age 52 years.
{ Data were missing for two cases with complex hyperplasia among women under age 52 years. # Data were missing for 12 cases with complex hyperplasia and one control among women under age 52 years; 11 cases with complex hyperplasia among women aged 52 years or more; five cases with hyperplasia with atypia among women under age 52 years; and two cases with hyperplasia with atypia and one control among women aged 52 years or more.
presence of hypertension. Among women aged 52 years or more, there was a suggestion of an increased risk of endometrial hyperplasia with atypia among those diagnosed with diabetes (odds ratio ¼ 4.0, 95 percent CI: 0.8, 19.1) and a decreased risk of hyperplasia with atypia among those with hypertension (odds ratio ¼ 0.5, 95 percent CI: 0.3, 1.0) (table 2) .
We also performed the analyses after eliminating cases (and matched controls) who had been diagnosed with invasive endometrial carcinoma within 8 weeks of their index biopsy (n ¼ 41; data not shown). The results differed little from those presented in table 2.
DISCUSSION
In the present study, a strong positive association was found between increasing BMI and risk of complex endometrial hyperplasia and endometrial hyperplasia with atypia, as was generally observed in the two other comparable studies that examined risk factors for endometrial hyperplasia (13, 17) . Defining obesity as a BMI greater than or equal to 30, and using as a referent category women with a BMI less than 30, an Italian case-control study that included 129 women with complex endometrial hyperplasia without atypia obtained odds ratios of 2.4 (95 percent CI: 1.0, 5.9) among premenopausal women and 4.3 (95 percent CI: 1.7, 10.5) among postmenopausal women (17) . Using similar definitions, a case-control study in Canada that included 149 women (62 premenopausal and 87 postmenopausal) with adenomatous endometrial hyperplasia (all endometrial hyperplasia excluding simple) obtained odds ratios of 0.2 (95 percent CI: 0.1, 0.8) among premenopausal women and 3.2 (95 percent CI: 1.4, 7.5) among postmenopausal women (13) . Both of the previous studies relied on self-reporting (which is less accurate than measurement) for height and weight, and the Italian study used hospital-based controls (women who were ''admitted for conditions other than gynecological, malignant, or hormone-related''), which would have attenuated an association with increasing BMI to the extent that the controls were heavier than women in the general population.
Obesity could lead to the development of endometrial hyperplasia by increasing the concentration of circulating estrogens and thus stimulation of growth of the endometrium. This could happen in several ways: by decreasing levels of circulating sex hormone-binding globulin (23) or by increasing the conversion of androstenedione to estrone that occurs with increased adipose tissue (24) . Premenopausal women who are obese could be at additional risk, since they are more likely to have periods of anovulation and therefore lower progesterone levels (25, 26) , which increases their risk of endometrial proliferation and inadequate menstrual shedding of the endometrium.
In this study, we observed that the risks of both complex hyperplasia and hyperplasia with atypia decreased in proportion to the number of deliveries, at least among women younger than age 52 years. The reduction in risk was particularly great for women who had had three or more children-on the order of 70 percent and 90 percent decreased risks for complex hyperplasia and hyperplasia with atypia, respectively. This finding contradicts that of the one previous study on the etiology of endometrial hyperplasia that examined an association with parity (17) . That study suggested a possible increasing risk with greater numbers of children, with odds ratios of 1.6 (95 percent CI: 0.7, 3.5) and 1.8 (95 percent CI: 0.9, 3.6) for parities of 1 and !2, respectively, as compared with nulliparous women (17) . Studies examining the association of parity with endometrial cancer have consistently found an inverse relation between risk and number of births, with an even greater reduction in risk among women younger than 50 or 55 years of age (27, 28) . In a study of women without endometrial hyperplasia or endometrial cancer, Lambe et al. (29) observed decreasing levels of free estradiol and increasing levels of sex hormonebinding globulin in the postmenopausal period associated with increasing parity. This hormonal milieu of low estradiol and high sex hormone-binding globulin would be expected to not stimulate endometrial cell growth. To our knowledge, no such study has been conducted among premenopausal women, but one explanation that has been offered for the even greater reduction in endometrial cancer risk with increasing parity among premenopausal women is that any malignant or premalignant cells present in the mucosal lining of the endometrium are shed during delivery (30) .
In the present study, there was a suggestion of a decrease in risk of endometrial hyperplasia with atypia among current smokers. Smoking may decrease the rate of conversion of androgens to estrogens by blocking the aromatase enzyme (31) . Smoking is also associated with earlier menopause and lower body fat, both of which are associated with a reduced risk of endometrial hyperplasia and could be the underlying basis for the association. Smoking has been associated with a reduced risk of endometrial cancer in most studies, with the reduction in risk being especially strong among postmenopausal women (27) .
Limitations of this study relate primarily to the limited amount of detailed information we were able to obtain from medical record abstraction. For example, on average, the weight assigned to study subjects was recorded 5 years prior to the reference date. However, this is possibly not representative of weight during the etiologically relevant time period, since retrospective studies of women who underwent endometrial biopsies have found that progression from normal endometrium to complex hyperplasia may take 7 years or longer, and progression to endometrial hyperplasia with atypia may take approximately 10 years (32-34). Information on smoking history was unavailable from the medical records for 1 percent of controls and 7 percent of cases, and details on smoking history-including both intensity (dose) and duration-were not systematically present in the medical records. Similarly, information on the severity and treatment of both diabetes and hypertension was not obtained. Information on age at menopause was collected, but the specific year or age of the last menstrual period was difficult, if not impossible, to assess because of issues surrounding abnormal menstrual bleeding. By omitting this potential risk factor from our analysis, we may have allowed residual confounding.
Another potential limitation of this study is that some controls may have had as-yet-undiagnosed complex endometrial hyperplasia or endometrial hyperplasia with atypia. However, in a study in which endometrial biopsy specimens were obtained from 2,964 asymptomatic peri-and postmenopausal women who were not currently on hormone therapy, Drury and Louis (35) found that less than 1 percent had a hyperplastic endometrium. Because obese women tend to delay seeing their doctor for general health-care visits and gynecologic examinations (36, 37) , it is likely that the degree of underdiagnosis is greatest in this group of women. In this situation, case underascertainment would conservatively bias the results toward a conclusion of no association with obesity. In theory, a control group could have been selected from women undergoing endometrial biopsy who were found not to have hyperplasia. However, the distribution of hormone-related characteristics in such a group almost certainly would not reflect that of women in general.
There exists an additional concern: because a number of retrospective studies have found a large percentage (17-50 percent) of concomitant endometrial cancer in patients with atypical endometrial hyperplasia (6, (38) (39) (40) (41) (42) (43) (44) , the associations found in this study may have arisen primarily from their relation with endometrial cancer. However, with random sampling of biopsies, misclassifying by either overclassifying or underclassifying is possible, and we excluded anyone who was classified as having cancer by either community pathologists or research pathologists. Additionally, misclassification of simple hyperplasia and welldifferentiated carcinoma-Group Health diagnoses that were not analyzed by independent research pathologistsis possible and was not accounted for in this study. Lastly, while the pathologic diagnoses for cases in this study were assigned by independent research pathologists who were unaware of the Group Health diagnosis, misclassification errors may still exist.
The risk factors found to be associated with endometrial hyperplasia in this study are similar to those associated with endometrial cancer. Whether these risk factors predispose women to cancer simply by increasing the incidence of hyperplasia or continue to augment cancer risk even after hyperplasia is present is unknown at the present time.
